Aim: This meta-analysis compared incidence of grade 3-4 neutropenia with ALK inhibitors versus chemotherapy in patients with non-small-cell lung cancer. Materials & methods: PubMed/MEDLINE was searched to identify Phase II and III randomized clinical trials published up to 25 October 2018. Summary incidence, relative risk and corresponding 95% CIs were calculated for grade 3-4 neutropenia. Results: Five randomized clinical trials were included. Relative risk (95% CI) of developing grade 3-4 neutropenia with ALK inhibitor versus chemotherapy was 0.27 (0.07-1.06). Probabilities of developing grade 3-4 neutropenia were 6.56 and 14.19%, respectively; no significant difference was found. Conclusion: In patients with non-small-cell lung cancer, incidence of grade 3-4 neutropenia with ALK-targeted therapy is not significantly different compared with chemotherapy.
The National Comprehensive Cancer Network (NCCN) recommends platinum-based combinations and some single-agent chemotherapy agents, but not cisplatin-based regimens, in patients with advanced NSCLC who have a performance status score of 2 [17] . Despite this, it appears that the efficacy of strategies using platinum-based chemotherapy has somewhat plateaued, with the majority of trials not improving on overall response rates of 25-35% and overall survival of between 12 and 14 months [17, 18] . Furthermore, most clinical studies include patients with a performance status score of 0 or 1, thus the clinical study population likely reflects better survival compared with the real-life population [19] .
Targeted therapy with crizotinib, the first-in-class ALK inhibitor with activity against multiple targets (ALK, ROS1 and MET) [20] , radically changed how ALK-positive NSCLC was managed and treated [21] . Crizotinib (Xalkori R , Pfizer) received approval from the US FDA for the treatment of ALK-positive NSCLC patients in August 2011 and from the European Medicines Agency (EMA) in November 2012 [22, 23] . Rapid regulatory approval was based on results of Phase I and II studies, which reported durable treatment responses [24] [25] [26] . Successive Phase III studies in both previously treated (PROFILE 1007) [27] and treatment-naive (PROFILE 1014) [28] patients demonstrated that crizotinib resulted in significantly improved survival and quality of life, and had an acceptable safety profile.
However, resistance develops in the majority of patients receiving crizotinib, often within 12 months of beginning therapy [29, 30] . Thus, several second-generation ALK inhibitors have become available in order to overcome acquired resistance to crizotinib, such as ceritinib (Zykadia R , Novartis), alectinib (Alecensa R , Roche) and brigatinib (Alunbrig R , Takeda), which received US FDA approval in 2014, 2015 and 2017, respectively [31] [32] [33] . In Europe, the EMA granted approval for Zykadia R in 2015 and for Alecensa R in 2017 [34, 35] . Moreover, in September 2018, Alunbrig R was awarded a positive opinion for marketing authorization from the EMA's Committee for Medicinal Products for Human Use [36] . Numerous third-generation ALK inhibitors are also in development including entrectinib (a highly active pan-Trk, ROS1 and ALK inhibitor) [37] and lorlatinib (a selective brainpenetrant ALK and ROS1 inhibitor) [38] . In patients who have developed crizotinib resistance, response rates with second-generation ALK inhibitors have been reported to be 50-55% and median progression-free survival (PFS) with ceritinib, alectinib and brigatinib are 6.9, 8.9 and 15.6 months, respectively [39] [40] [41] .
A common side effect of platinum-based chemotherapy agents is neutropenia, which can result in reductions of chemotherapy dose of between 25 and 100% [42] ; however, the risk of neutropenia depends on the specific regimen used, intensity of chemotherapy, burden of disease and age of the patient [43] . Indeed, in a retrospective study, grade 3-4 neutropenia was reported in 58.3% (n = 14) and grade 3-4 febrile neutropenia (FN) in 8.3% (n = 2) of patients with locally advanced NSCLC with physician's choice of platinum-based chemotherapy doublets [44] . Overall, ALK inhibitors are generally well tolerated [30, 45, 46] ; however, there are some reports emerging of grade 3-4 neutropenia with ALK inhibitors. Therefore, this study aimed to assess and compare the incidence of grade 3-4 neutropenia among patients with ALK-positive NSCLC who received ALK inhibitors or chemotherapy.
Materials & methods

Aim
Using the available literature, this meta-analysis aimed to compare reports of the incidence of grade 3-4 neutropenia with ALK inhibitors and chemotherapy in patients with ALK-positive NSCLC.
Search strategy
The MEDLINE and PubMed databases were searched in order to identify peer-reviewed papers published up to 25 October 2018. The search strategy included the terms 'crizotinib' OR 'alectinib' OR 'brigatinib' OR 'ceritinib' OR 'ensartinib' OR 'entrectinib' OR 'lorlatinib' OR 'ALK inhibitor' OR 'ALK tyrosine kinase inhibitor' AND 'lung cancer' AND 'chemotherapy'.
Eligible studies were limited to: randomized clinical trials (Phase II, Phase III, Phase IIIb); use of any ALK inhibitor; full publications in English; global geographic scope; NSCLC as tumor type; adequate safety profile; and comparison to either chemotherapy or another ALK inhibitor. Study inclusion was decided independently by A Krendyukov and N Mathieson, and any difference of opinion was resolved by consensus and/or additional evaluation by B Rapoport.
Data describing the participants, interventions and incidence of grade 3-4 neutropenia were extracted and entered into an electronic sheet, which was double-checked for correctness. Title, abstract and full text review n = 40
Excluded due to irrelevance n = 1276
Excluded due to not meeting the inclusion criteria n = 35 Subset or pooled analysis n = 9 No comparator arm n = 8 No report of neutropenia n = 7 Not with ALK inhibitor n = 3 Protocol article n = 2 Phase I data n =1 Case study n = 1 Economic analysis n = 1 Retrospective study n = 1 Not in NSCLC n = 1 Not in English n = 1
ALK inhibitor vs chemotherapy n = 4 ALK inhibitor vs ALK inhibitor n = 1 The primary end point was incidence of grade 3-4 neutropenia. If results of a study were identified in multiple publications, only the most recent reference was included. Studies were excluded if they were preclinical, performed in healthy volunteers, used granulocyte colony-stimulating factor as supportive care, did not contain a comparator arm, or were subset/pooled analyses.
Statistical analysis
Baseline characteristics were summarized using descriptive statistics. Statistical analyses were carried out to calculate the summary incidence, relative risk (RR) and corresponding 95% CIs by utilizing mixed effect models, accounting for the heterogeneity of included studies. Analyses were performed using SAS R (version 9.4) and R R (version 3.4). The impact of baseline tumor stage on treatment difference for risk of neutropenia was also assessed.
Assessment of bias
Bias of individual studies was assessed by outcome by applying Grading of Recommendations Assessment, Development and Evaluation (GRADE) criteria. Each outcome (incidence of grade 3-4 neutropenia, incidence of FN and risk of grade 3-4 neutropenia) was evaluated against the following criteria for each study: inadequate methods of sequence generation; lack of allocation concealment; lack of blinding of each of participants, providers and outcome assessors; loss to follow-up; failure to follow intention-to-treat principles in analyses; selective outcome reporting and other sources of bias (e.g., stopping the trial for benefit) [47] . Based on the limitations of the studies, an overall judgment was made on whether to downgrade the evidence.
Methods for assessment of bias of the cumulative evidence are not recommended in meta-analyses that include fewer than ten studies [48] , and as such were not applied in this study.
Results
Included studies
The MEDLINE/PubMed search yielded a total of 1316 articles and of these five were eligible for inclusion ( Figure 1 ) [ iv.: Intravenous; n: Number of patients with characteristic; NSCLC: Non-small-cell lung cancer. crizotinib in two studies, second-generation ceritinib in two studies) [27, 28, 50, 51] and the remaining study compared two ALK inhibitors (first-generation crizotinib with second-generation alectinib) ( Table 1 ) [49] .
Baseline characteristics
Across the five Phase III randomized studies, a total of 1504 patients were included. Of these, 856 (57.0%) received an ALK inhibitor (crizotinib [n = 449], ceritinib [n = 304] or alectinib [n = 103]) and 648 (43.1%) received chemotherapy. The chemotherapy regimens used consisted of docetaxel alone, pemetrexed alone or pemetrexed in combination with cisplatin or carboplatin ( Table 1 ). The baseline characteristics of patients who received either chemotherapy or an ALK inhibitor are outlined in Table 2 , and were generally similar between the groups, including age <65 years (37.0 vs 46.1%, respectively), Eastern Cooperative Oncology Group performance score of 0-1 (85.6 vs 93.7%), male gender (41.5 vs 41.9%) and tumor stage (IIIb: 3.7 vs 3.2%; V: 96.1 vs 90.9%). However, it was noted that a smaller proportion of patients who received an ALK inhibitor discontinued in their respective studies (n = 440; 51.4%) compared with patients who received chemotherapy (n = 457; 70.5%). Among patients who received an ALK inhibitor, reasons for study discontinuation consisted of disease progression or relapse (n = 180), adverse events (AEs; n = 76), deterioration of health status (n = 49), lack of efficacy (n = 46), death (n = 36), withdrawal of consent by patient/guardian (n = 28), physician decision (n = 5) and other (n = 20). Three patients who received chemotherapy discontinued before receiving treatment; reasons for the remaining 454 discontinuations were disease progression or relapse (n = 286), AEs (n = 56), deterioration of health status (n = 29), withdrawal of consent by patient/guardian (n = 29), death (n = 23), physician decision (n = 3) and other (n = 28). None of the studies excluded patients based on smoking status.
Incidence of grade 3-4 neutropenia
Overall, grade 3-4 neutropenia was reported in 14.7% (n = 95) of patients who received chemotherapy and in 7.0% (n = 60) of patients who received an ALK inhibitor (Table 2 ).
In the study comparing first-and second-generation ALK inhibitors in patients who had not received chemotherapy or had only received one prior line of chemotherapy, neutrophil count decrease (all grades) was reported in 19 (18.3%) patients in the crizotinib arm and in three (2.9%) patients in the alectinib arm [49] . Grade 3-4 neutrophil count decrease was reported in 14 (13.5%) and two (1.9%) patients with crizotinib and alectinib, respectively [49] .
Incidence of any grade and grade 3-4 neutropenia was always lower with ALK inhibitor treatment compared with chemotherapy [27, 28, 50, 51] . The earliest of the included studies compared the first-generation ALK inhibitor crizotinib with chemotherapy in previously treated patients and reported grade 3-4 neutropenia in 13.3% (n = 23) and 18.9% (n = 33) of patients, respectively [27] . In the second study making this treatment comparison but in previously untreated patients, neutropenia of any grade occurred in 20.9% (n = 36) of patients receiving crizotinib and 29.8% (n = 51) of patients receiving chemotherapy [28] . Grade 3-4 neutropenia was reported in 11.0% (n = 19) and 15.2% (n = 26) of patients in the crizotinib and chemotherapy arms, respectively [28] . In the two studies comparing the second-generation ALK inhibitor ceritinib with chemotherapy, one reported the incidence of grade 1-2 and grade 3-4 neutropenia as 2.6% (n = 3) and 0.9% (n = 1) with ceritinib and 5.2% (n = 6) and 14.7% (n = 17) with chemotherapy, respectively, in patients who had progressed after receiving crizotinib and a platinum-based chemotherapy doublet [50] . The second study, performed in previously untreated patients, reported neutropenia of any grade in 4.8% (n = 9) of patients who received ceritinib and 20.3% (n = 38) who received chemotherapy [51] . Incidence of any grade 3-4 neutropenia was 0.5% (n = 1) with ceritinib and 10.2% (n = 19) with chemotherapy [51] .
Incidence of FN Incidence of FN was reported in three of the five studies and in all instances was lower with ALK inhibitor therapy than with chemotherapy [27, 28, 50] . When comparing first-generation ALK inhibitor crizotinib with chemotherapy, one study reported grade 3-4 FN in one patient (0.6%) treated with crizotinib and in 16 patients (9.2%) treated with chemotherapy [27] . Solomon et al. reported no incidence of FN with crizotinib and two cases (11.7%) of FN with chemotherapy [28] . Incidence of FN was reported in one study comparing chemotherapy with a second-generation ALK inhibitor, finding no incidence of FN with ceritinib and one patient (0.9%) who received chemotherapy experienced grade 3 FN [50] .
Risk of grade 3-4 neutropenia
A nonlinear mixed effect model was considered, assuming the study effect and treatment effect to be random effect and fixed effect, respectively. The RR of developing grade 3-4 neutropenia with ALK inhibitor therapy compared with chemotherapy was 0.27 (95% CI: 0.07-1.06; Figure 2 ). The probability of grade 3-4 neutropenia in patients who received chemotherapy was 14.19% and in patients who received an ALK inhibitor was 6.56% (Table 3) . Of note, the 95% CIs overlap for the two treatment arms and thus it can be concluded that the difference in probability of grade 3-4 neutropenia between the two treatment arms is not significant at the 5% level of significance. Furthermore, it was observed that impact of baseline tumor stage on treatment difference is not significant (Table 4) . Despite the treatment difference being nonsignificant, the trend in treatment difference across the studies favors ALK inhibitor therapy. One study [49] is not shown due to comparing two different ALK inhibitors and not comparing to chemotherapy. NeutG34 + : Number of patients reported to experience grade 3-4 neutropenia; NeutG34 -: Number of patients reported not to experience grade 3-4 neutropenia; RE: Random effect. 
Assessment of bias
For each of the three outcomes (incidence of grade 3-4 neutropenia, incidence of FN and risk of grade 3-4 neutropenia), the overall assessment was that most information was from studies at low risk of bias, and as such, there was no serious risk of bias and the evidence was not downgraded (Supplementary Tables 1-3) .
Discussion
Neutropenia and FN can be serious, life-threatening side effects of myelosuppressive chemotherapy that often bring about hospitalization and dose reductions or delays [52] . Dose modifications, such as reductions and delays, with numerous chemotherapy regimens to treat a range of cancer types have been associated with shorter survival [53] [54] [55] [56] [57] [58] .
In patients with solid tumors (including NSCLC) and hematological malignancies receiving myelosuppressive chemotherapy, current guidelines recommend prophylaxis of severe neutropenia and FN in those considered at risk [43, 59, 60] . Antimicrobials such as fluoroquinolones used to be a common approach to prevent FN in patients receiving chemotherapy, which achieved some relative success [43] . However, use of antimicrobials is not recommended due to the emergence of resistant strains [43] .
Various guidelines, including those issued by ASCO, ESMO and the NCCN, recommend the use of myeloid growth factors, such as granulocyte colony-stimulating factors, as an adjunct to chemotherapy in order to prevent FN [43, 59, 60] . Primary prophylaxis is recommended to support regimens which carry a ≥20% risk of FN and for those which carry a 10-20% risk if the patients also display other risk factors such as older age (≥65 years), advanced disease, poor performance status, cardiovascular disease, poor liver/renal function or a previous history of FN [43, 59, 60] . In one retrospective study of 270 patients with lung cancer treated with systemic chemotherapy, 17% (n = 46) of patients developed FN for the duration of chemotherapy, and chronic obstructive pulmonary disease was significantly associated with an increased risk of FN (odds ratio [OR]: 2.5; 95% CI: 1.16-5.38; p = 0.02) [61] . In addition, in another retrospective analysis of 244 patients with lung cancer receiving systemic therapy with etoposide plus platinum-based chemotherapy (cisplatin, n = 88; carboplatin, n = 156), grade 3-4 neutropenia was reported in 85.2% (n = 208) of patients and the multivariate analysis identified prior radiotherapy and male gender as independent risk factors for FN [62] . Real-world evidence is more limited, however, evidence from patients with other tumor types suggests that neutropenia rates in the real-world setting may be higher than those in clinical trials [63] .
Prophylaxis appears to be an effective strategy of managing neutropenia and FN in patients with lung cancer. In a retrospective analysis of 11,233 adult patients with lung cancer receiving chemotherapy with a low to intermediate risk of neutropenia-related hospitalization, patients who had received primary prophylaxis with granulocyte colonystimulating factor were less likely to experience neutropenia-related hospitalization compared with patients who had not received prophylaxis (4.7 vs 7.5%; OR: 0.61; 95% CI: 0.49-0.74) [64] .
The reported incidence of neutropenia with targeted treatments for cancer therapy is currently limited; however, evidence of grade 3-4 neutropenia with ALK inhibitors is starting to emerge. In a pooled safety analysis, which included 17 trials published from 2011 to 2016 and over 1800 patients with ALK-positive NSCLC, a significantly higher incidence of grade ≥3 neutropenia was observed among patients treated with the first-generation inhibitor crizotinib (6.7%) than those treated with the second-generation inhibitors ceritinib (0.0%; OR: 0.03; 95% CI: 0.01-0.44; p < 0.001) and alectinib (1.1%; OR: 6.20; 95% CI: 0.85-45.41; p = 0.040) [65] . At present, information regarding the real-world clinical experience and management of neutropenia and FN with targeted treatments is also limited and myeloid growth factor use is not recommended by ASCO, ESMO or the NCCN as an adjunct to these agents in order to reduce the risk and incidence of FN [43, 59, 60] .
In addition, the effect of dose reductions and delays with ALK inhibitor therapy, as well as other targeted treatments, on the survival of patients with cancer is thus far unknown. Although a case report of a patient receiving an ALK inhibitor has been published where neutropenia was successfully managed via dose reduction [66] . The patient was a 53-year-old female with ALK-positive NSCLC receiving third-line crizotinib at 500 mg/day orally. A partial response was achieved after 4 weeks of crizotinib therapy; however, at 8 weeks a drop in neutrophil count was noted which progressed to grade 4 neutropenia by week 36. Dose reduction of crizotinib from 500 to 250 mg/day by week 51 resulted in correction of grade 4 neutropenia and permitted crizotinib therapy to be continued for 20 weeks. According to the authors of the case study, this was the first report of managing neutropenia induced by ALK inhibitor therapy using dose reduction, and they emphasize that further real-world clinical experience is needed in order to improve and align the management of neutropenia, and other AEs, in patients receiving these agents [66] .
Our study aimed to compare the reported incidence of grade 3-4 neutropenia with ALK inhibitors and chemotherapy in patients with ALK-positive NSCLC using the currently available literature. Five Phase III randomized studies enrolling a total of 1504 patients met our eligibility criteria, with four studies comparing an ALK inhibitor with chemotherapy [27, 28, 50, 51] and the fifth study comparing first-and second-generation ALK inhibitors [49] .
Across the five studies, the incidence of grade 3-4 neutropenia was 14.7% (n = 95) among patients who were administered chemotherapy and only 7.0% (n = 60) among those who were administered ALK inhibitor therapy with either crizotinib, ceritinib or alectinib. In our nonlinear mixed effect model, the RR (95% CI) of developing grade 3-4 neutropenia with ALK inhibitor therapy compared with chemotherapy was 0.27 (0.07-1.06) and the future science group www.futuremedicine.com probabilities of developing grade 3-4 neutropenia were 6.56 and 14.19%, respectively, but the difference was not significant. The present study suggests that the difference in the incidence of severe neutropenia between patients receiving ALK inhibitors and those receiving chemotherapy is not significant. However, evidence in this systematic review is limited, with only five studies meeting the inclusion criteria, and only four of which compared ALK inhibitor therapy with chemotherapy, thus further studies are required. Moreover, there are limitations of comparing the incidence of AEs, such as neutropenia and FN, between different clinical trials as there may be differences in how events are defined, reported and recorded, as well as differences in patient populations, treatment regimens, inclusion and exclusion criteria, and clinical settings [67] [68] [69] .
In all four studies comparing an ALK inhibitor to chemotherapy, a significant improvement in median PFS was observed with the ALK inhibitor and response rates ranged from 39 to 74% with ALK inhibitor therapy versus 7-45% with chemotherapy [27, 28, 50, 51] . Across these studies, the majority of AEs were grade 1-2 in severity in both treatment groups, and the most common AEs of any grade with ALK inhibitor therapy were gastrointestinal side effects, vision disorders, edema and elevated liver aminotransferase levels. With chemotherapy, these consisted of fatigue, anemia, nausea, vomiting, alopecia and dyspnea [27, 28, 50, 51] . Overall, the results of these four studies demonstrate that therapy with an ALK inhibitor lengthens PFS, improves overall survival and increases response rates, while having an acceptable toxicity profile, compared with chemotherapy in both treatment-naive and previously treated patients with ALK-positive NSCLC [27, 28, 50, 51] .
The remaining study in this meta-analysis compared two different ALK inhibitors and found that alectinib is better tolerated and significantly improves PFS compared with crizotinib (not estimable vs 10.2 months; hazard ratio: 0.34; 99.7% CI: 0.17-0.71; p < 0.0001) in the treatment of ALK-positive NSCLC patients who had previously not received chemotherapy or only one previous line of chemotherapy [47] .
Generally, with each new generation, ALK inhibitors increase in potency and selectivity. Several third-generation ALK inhibitors are currently under development, such as entrectinib, which has been assessed in two Phase I dose escalation trials (ALKA-372-001 and STARTRK-1) [70] and one Phase II trial (STARTRK-2; NCT02568267). In an integrated analysis of these three studies, in patients with locally advanced or metastatic ROS1-positive NSCLC, objective response rate was 77.4%, duration of response was 24.6 months (95% CI: 11.4-34.8) and median PFS was 19.0 months (95% CI: 12.2-36.6) [71] . The majority of treatment-related AEs were grade 1-2 and reversible, with the most common being dysgeusia (41.4%), fatigue (27.9%), dizziness (25.4%), constipation (23.7%), diarrhea (22.8%) and nausea (20.8%) [71] . Roche plans to submit these data to global health authorities, including the FDA and the EMA [72] .
Additionally, in the first-in-human Phase I trial of lorlatinib in patients with ALK-positive or ROS1-positive NSCLC, objective response was 46% overall (95% CI: 31-63%) and 42% among patients who had received two or more tyrosine kinase inhibitors (95% CI: 23-63%) [73] . The most common treatment-related AEs were hypercholesterolemia (72%), hypertriglyceridemia (39%), peripheral neuropathy (39%) and peripheral edema (39%) [73] . These results indicate that lorlatinib may be effective in patients with NSCLC who have become resistant to currently available first-and second-generation ALK inhibitors. Lorlatinib is being compared to crizotinib as first-line therapy for patients with ALK-positive NSCLC in an ongoing Phase III randomized clinical trial (NCT03052608). In early 2018, the EMA accepted the marketing application for lorlatinib, also used for ROS-1-positive NSCLC. This third-generation ALK inhibitor was also accepted for priority review by the FDA [74] .
Conclusion
This meta-analysis of Phase III randomized clinical trials found no significant difference in the incidence of grade 3-4 neutropenia among patients with ALK-positive NSCLC treated with either an ALK inhibitor or chemotherapy, and this was not affected by adjusting for baseline tumor stage.
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To view the supplementary data that accompany this paper please visit the journal website at: www. • The probabilities of grade 3-4 neutropenia with ALK inhibitor compared with chemotherapy were 6.56 and 14.19%, respectively. Conclusion • No significant difference between ALK inhibitor and chemotherapy was found in terms of incidence of grade 3-4 neutropenia; this was not affected by adjusting for baseline tumor stage.
